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ONSTOKEStSTREAMFUNCTIONINCOMPRESSIBLE

SW-DISTURBANCETHEORY

ByMiltonD. VanDyke

SUMMARY

Stokest streamfunctionisstudiedforsubsonicor supersonicflow
pastsxisymnetricbodiesof smallslope.Thefirst-orderequationis
foundtobe nonlinesr.It canbe linearizedif oneseeksonlytheformal
orderofaccuracyof theslender-bodyapprox-tion.Inanycase,serious
lossofaccuracyresultsfromimposingtheconditionoftangentflowat
thebodyonthemassfluxratherthanonthevelocity.In a second
approximation,neglectofthenonlinearityleadstoa falsesolutioneven
intheslender-bodyexpansion.

INTRODUCTION

A

*

streamfumctionwouldappearto offerattractivepossibilities
subsonicor supersonicflowpastbcdiesofrevolutionof
Theconditionoftangentflowat thebodysurfaceis simpler

Stokes1
fortreating
smallslope.
forthestreamfunctionthanforthevelocitypotential,becausea condi-
tionisimposedonthedependentvariableitselfratherthanon its
derivative.Useofthestreamfunctionalsopermitsstreamlinesaway
fromthebodytobe determinedeasily.Forthesereasons,vsriousinvesti-
gatorshaveadoptedStokes~streamfunctioninlinearizedtheory(refs.1
to 3).

Anotheradvantagemightbe suticipatedif oneproceedsto calculate_
higherapproximationsby iterationonthefirst,andconsiderspractical
shapeshavingstagnationpoints(ratherthsm,say,cuspednoses).Then
ithasbeenfoundthatthefailureofthefirstapproximationinthe
vicinityof thenosemayinsomecasesbe compoundedsothatthesecond
appraimationisincorrecteverywhere,andthedangerofthisisgreater
withthevelocitypotentialq thsnwiththestreamfunction$. Thus
intheanalogousproblemofplaneflow,straightforwarditerationon the
subsonicthin-airfoilsolutionfora sharp-edgedprofile(suchasa
biconvexsection)yieldsa falsesecond-orderresultevenatmid-chord
ifoneworkswith q,butcorrectresults(exceptveryneartheedges)
ifoneuses * (ref.4). Bothmethodsfail,however,forroumdedges.
Onecanthenabandonthethin-airfoilapproximation,andby usingexact
conformslmappingsfindthepropersecondapproximationfora round-
edgedairfoil(whichmuststilJ.,howeverJbe correctedneartheedge,
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whereit isnotuniformlyvs3id).ThusEatzscheandWendttreatedthe
elJipsesndJoukowskisectionby laboriouscomputation,usingthestream
function(ref.5).

&.—
Recentlya second-ordercompressibilityrulehasbeen

discoveredthatreducesanymibsonicairfoilproblemto anincompressible
one;smdsincethesedifficultiesdisapp@rat zeroMachnumber,theyare

—

no longeran obstacleinplsmeflow(ref$4). Theywould,however,
reappearifoneproceededtoa thirdapproximation. .-.

Forbodiesofrevolution,thesematterswe lessthoroughlyexplored.
TheonlyrelevantpublishedsolutionisthatofSchmiedenandKawalkiwho,
workingwithStokes*stre=function>ob~aineda secondapproximation
forsubsonicflowpasta slenderunyawed,ellipsoidofrevolution,and
gavealso theasymptoticexpansionforVanishingthiclmessthatmaybe
termedthesecond-orderslender-bodysolution(ref.6). Theyusedcon-
formalmapping,sothat~alogywithHsntzscheandWendtTstreatmentof
theellipsewouldsuggestthattheirtreatmentisvalid.However,axisym-
metricbodiesinduceweakerdisturbances:thando theirplanecounterparts
sothatstagnationpointsplaya moredotinaatrole,sndquestionsof
vslidityareaccordinglymoredelicate.:

Thisis ill.ustratedbythefactthat,incontrasttothecorresponding
planecase,thesecond-orderslender-bcdysolution
ata roundnoseeveninincompressibleflow. Thus
whoseradiusis r = 5=, expemsionoftheexact
givesto secondordernearthebody

basedupon q fails
forthep=aboloid
incompressiblesolution

.—
—
+

+.0. 8

whereasstraightforwarditerationonthe“slender-bodytheoryofHeaslet
andLomax(ref.7) missesthelasttermdhotiabove.As intheplane
problemforcompressibleflow,themissedtermisa eigensolution
associatedwiththebluntnose,beingin:facttheslender-bodyrepresen-

-.

tationofa pointsourceattheorigin,ofpotential~ 54(x2+ r2)-1/2.

It inducesnoradiaivelocityonthesxis,wherethetangencycondition
isimposed,andsois overlookedifoneworkswith q. Itdoes,however,
inducea massflux,sothatonemightho@eto catchitby workingwith
~, andthisexpectationisinfactrealized.me mightthereforebe

-.

encouragedtoattackthecorrespondingcc@pressibleproblemusing ~.

Forthesereasons,theapplication.ofStokes!streamfunctionto
compressiblesmall-disturbancetheoryhasibeenstudiedhereinsome

—.

detail.Theresultsaresurprising.Fu:fromofferingtheexpected
advantages,thestreamfunctionisfound“to-sufferfromgraveshortcomings.

●

Theproperfirst-otierequationof-motion.isactuallynonlineer.The
nonlinearitycanbe disregardedinthefi&st-.appraximationifoneseeks b
onlytheformalaccuracy,asindicatedby orderestimates,ofthe
asymptoticslender-bodytheory;butther@nericslLaccuracyisinanycase

,
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farinferiorto thatobtainedby using q. Inthesecondapproximation,
neglectofthenonlinearityisdisastrous,sothatSchmiedenandKawalkits
solutionfortheellipsoidisinfactincorrect.

SMALL-DISTURBANCEEQUATIONS

Thecontinuityequationforaxisymnetriccompressibleflowissatis-
fiedby intr~ucingStokeststreamfunctionW, accordingtowhichthe
axialandradislvelocitycomponentsin cylindricalcoordinatesaregiven
by

~_~lZr
pr

. ~ T’&
I

(1)
v=-——pr

where p isthedensityand ~ itsvalueh thefreestream.uniform
inviscidflowpasta bodyof smallslopeis irrotationslto at least
thirdorder,andto thatappr~imationtheequationofmotionis

(C2 -TF)Y~+(c2-v2)ym- 2wy= -C2+=0 (2a)

wherethespeedof sound c isrelatedto itsfree-streamvalue u and
theflowspeedUm by

Considernowperturbationsabouta uniform
bationquantities(denotedby lower-case

(Y.&iLrZ+

U=w(l+u)

v = T&v

E ~2
2 (m)

flow,introducingpertu-
syrbols) by setting

)*I (3)

In termsoftheseperturbationquantitiestheequationofmotion(2)
becomes

[ ](
k1.-ti@(a+u2+@) ll=+tm-r

2 )

=@[(l + 2U+ U2)V= + #(l + *r~)+ 2(1+ u)W~l

(4)
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Theflowisisentropictoatleasts,ecandorder,andtothatapproxi-
mationthedensityratioappearingineqpati.ons(1)isgivenby d—

(5)

Expandingtheright-handsideforsmallu andv, md combiningwith
equations(1)and (3) leadstothefollo~’”~ressionsforthepertur-
bationvelocitycomponents(referredtofree-streamspeed)intermsof
firstderivativesoftheperturbationstreamfunction: —

‘w+[:+i(yl+o=:v=-—

where

(6a)
.—-

(6b)
— —

(7)

A

—.
.

OrderofPerturbationQuantities

It iswellknownthatthestreamwisevelocityperturbationinduced
by a bodyofrevolutionis,exceptnear~orners,of smallerorderthan
theradialvelocity.Fora bodyofthiclmessratio T theradialcom-
ponentv isoforder T as indicated~y thetangencycondition,but
u is onlyoforder ~zlnT. Itfollows:tktthequantities(~r/r)
and($x/r)’bracketedinthefirstterm~fequation(6a) are 0(T22nT)
and0(T2).Bothsrethereforeoffirst!mder(eventhoughoneislinear
andtheotherquadraticinperturbationquantities)becauseforslender
bodies,termsofdifferentorderdifferby-factorsof T2. Likewise,the
termsinthesecondbracketare0(T4,‘r4ZnT, T4z112T) andhence~ Of
secondorder.Nearcornersu isO(T)becausetheflowis.locallyplane, ●

andthenthelineartermsinequations(6)
ratictermsofsecondorder,andthecub,ic
negligible.

areoffirstorder,the-q-ti--
andquartictermsaresimply— ..- c-

from
Theordersof $ anditsderivati~s
equations(6) togetherwiththefacts

-nearthebodycanbe determined
that r isO(T)andthat
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inte~ationordifferentiationwithrespectto x doesnotaffectthe
orderofa term.Asidefrompowersof ZnT,whichareO(1)foraU
practicalpurposes,theresultis

U = ()(T2) $ = o(e) $= =()(T2)

1

(8)

Ftist-orderandLinearizedEquatims

Substitutingtheexpressions(6) for u andv intoequation(4)and
retainingonlyleadingterms(oforder &) yieldsthefirst-orderequation
ofmotion:

An unexpectedresultisthatthefirst-orderequationisnonlinear.

(9)

Allpreviousinvestigators(refs.1 to 3, and6) havebasedtheir
firstapprmimationuponthelinearizedeqmtionobtainedby droppingthe
right-hsndsideofequation(9):

andhavealsolinearizedtheconnectionbetween~ andu by omittingthe
quadraticfirst-orderterminequation(6a).~is procedureactu~y
yieldsresultscorrecttofirstorder,as canbe verifiedby introducing
a m~ifiedperturbationstrea’functionv accordingto

me orderestimatesofequations(8) applyto T aswe~ as v. Eence
substitutionshowsthatthefirst-orderproblemfor w implies,tofirst
order,thelinearizedproblemfor $. Eowever,therehtion(6a)con-
nectingu andW mustbe linearizedaswe~ astheequationofmotion
(10);tolinesrizeeitheralonewouldleadto incorrectresults.This
suggeststhatthelinearizationmaybe somewhatofa coincidence,which
cannotbe reliedupontohaveitscounterpartinhigherapproximations.

It shouldbe notedthat,asidefromenormousmathematicalsimplifi-
c~tt.on,linearizationleadstoa problemsatisfyingthesimid.ittieof
Gothertrsrule(ref.8),whichisnottrueofthefirst-orderproblem
baseduponequation(9).

--
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Twotheoriesthatareasymptoticallyorequalordermaydiffercog-
siderablvinnumericalaccuracY.Whetherthenonlinearfirst-order i

“

equationorthelinearizedequationyieldsgreater
comparetiththemoreconventionaltreat~ntusing
be consideredina subsequentexsmple.: --

Second-orderE@ation

accuracy,andhowthey
q arequestionsto

—

Retain@ termsof O(*) inequation(4) yields the second-order
equationofmotionwhich,writtenina formsuitedto iterationonthe
first-ordersolution,is I

(12)
●

Heretheright-handsidehasbeensimplif(ied’byusingthefactthatthe
left-handsideistobe equatedtozero& thefirstapprox~tion.,. .

Thecounterpartoflinearizingthef,tist-orderequationisthe
retentionhereonlyofquadraticterms,whichyields,ina formsuited

-—

to iterationonthelinearizedsolution: .. . .

andthisis thebasisofSchmiedenand
forsulxxmicflowpasten e31ipsoidof
spondingly,theyretainonlyquadratic
velocitycmonents.

(13)

Kaialkifs second-ordersolution
revolution(ref.6). ~ome-
te~ intheexpressions(6)for

FIRSTAPPROX.IMATIONSFORCONEIN SUPERSONICFLOW

It happensthatthefirst-orderequation(9),thoughnonlinear,can
be integratedinclosedformforthestandardexampleofsupersonicflow
pastanunyawedcircularcone.Thisexamplecan,therefore,serveasa
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testcaseforassessingtherelativeaccuraciesofthevsxiouspossible
firstapproximations.
bationvelocitiesand
questionthatwillbe
velocityincrementon

Theproperchoiceoftherelationbetweenpertur-
pressurecoefficientisa possiblycmtroversid
avoidedby restrictingattentiontothestresmwise
thecone.

First-orderSolution

Forflowpasta cone,thestreamfunctionishomogeneousaf order2
inthespacecoordinates,sothat

~(x,r)= &f(t) (14a)

where

t+ 1 (14b)
B2=M2-1

Hencethefirst-ordereqwtionofmotion(9)becomesthenonlinesr
equationfor f(t):

(15)

T!hisisBernouJlilsequationfor ff,whichisa
l/f~,withsolution-

linearequationfor

(16)

Theintegrationcm be
Imposingthecondition
f(1) = 0, leads to

csrriedoutintermsofexponentialintegrals.
thatthedisturbsmcesvanishat theMachcone,

2
f(t)=*%

2m ‘ + ‘ec:=t)- ‘=’[=(* +{(

e
[

2kEi(-2k- 2 sech-lt)- Ei(-2k)1}
12 sech-=t)- fi(2k) -

(17a)

--—
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where
m x

JEi(-x)= - $dS ,
J

fi(X).=--~ ds , X>o

x -m

(lp)

First-orderSolutionWithTsmgencyonMassFlux

The condition oftangentflowat thesurfacecannowbe imposedon
eitherthemassfluxorthevelocity.In thefulltheorytheseareof

—

courseequivalent,butintheapproximatetheorytheyfieldresultsdif-
feringinhigher-orderterms.Zeromas$fluxthroughthesurfaceis
assuredby requiringthestreamfunctio~tovanishthere.Fora coneof
semivertexangle e thisyieldsthetranscendentalequation

f(Be)= ---- (17C)

fordeterminingk. Thenthesurface@crementinstreamwisevelocity
isgivenby

(17d)
—-.

Thetranscendentalequation(17c)@s beensolvednumericallyfora . .
b

cone of 10° semivertex angle. Theres~ti~ variationof u withfree-
streamMachnumberiscomparedinsketch(a)tiththeexactresultsfrom
KoPd?stable(ref.9).

--—

.85
A-curiousfeatureofthesolution

isthatbeyonda certainMachnumber
.90 theconstantk becomesnegative.

U* --~ Eq.(17d) If ~k isslightlynegativethefactor-—.-
Tm (k+s~ch-%) inequation(16)will

.-

.95 vanishonthecone t = sech(-k)which
lieswithintheflowfield,sothat
ff ,issingularthere.Thiswould

1.00 1 I I I meanthattheradialvelocityv was
I 2 3 4 5 Ginfiniteintheflowfield,whichis

M intbletiable.Thesolutionmust
Sketch(a) accordinglybe regardedashaving

brokendownwhen k becomeszero. .-
Thereisno apparentphysicalinterpretationofthislimit.It arisesat
a lowerMachnumberthanthemorefamilisrcutoff
Be = 1,wlichcorrespondstothefree-stre&mMach
downontothesurface.Thus,forthe10°cone,k
orM = 3.92,as indicatedby thecutoff:in”sketch

oflinearizedtheoryat
cone~shavingbeenforced ‘
vanishesat Be = 0.699
(a). L

.
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First-OrderSolutionWithTangencyon v

Insteadofrequiringthestreamfunctiontovanish,onecanimpose
thetangencyconditiononthevelocityat thesurface.In theapprai-
mationusuallyadoptedinlinearizedtheory,the’smallincrementin
streamwisevelocityisneglected,sothattheconditionis simplythat
v equaltheslopeofthebody. Forthecone,thisdeterminesthe
constantk accordingto

,=GW-- sech-1B6
M’&

Thenonthestiace

[ 1
.85

1us=-— 1 + 2f(Be)+~~+
B2

.90
(m-b) ~

u=
Thisiscomparedinsketch(b)with .95

(lea)

theexactsolutionfora 10°cone. “
Theapproximatesolutionistermi-
natedat Be = 1,whichoccursat ,...~

b M = 5.76. I 2 3

Sketch
.

CompariscmWithOtherApproximations

Thelinearizedstreamfunctionfora conehasbeen

4 5 6
M
(b)

foundby Moore
(ref.3)by solvhgequation(10)andrequiringY tovanish& the
surface.Thestreamwisevelocityincrementonthesurfaceis .

*..+ sech-~
diZF-T%ech-%

(19)

.85
where ‘I’= BE. Sketch(c)compares
thisresultwiththeexactsolution. /
Alternatively,onecanimposethe .90
~ency conditiononthevelocity,U,
whichgives(withtheapproximater=
conditionv = e discussed. .95
previously)

.

Sketch(c)
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.85

.90
u’
T*

.95

The comparisonwithexacttheoryis

I givenin sketch(d). * —

L ,Insteadofworkingwiththestream .
function,onecanusetheperturbation
velocitypotentialq,forwhichthe
line&izedorfirst-orderequationis

—-_
q. (20T -

Loo 1 i I I (l-&’)~+~r+&=O
I 2 3 4 5 6

M

Sketch(d)
—

.
Thentheapproximate.tangencycondition.V= G leadsagaintoequa-
tion(20).Alternatively,onecsmrequi~zeromassfluxthroughthe
surface.‘Thisconditionhasbeenadoptedformathematicalsimplicityiy
Psrkerinhis~al.ysisoftinimumdragbadies.(ref.10),US@ a CYl~~i-
calcontrolsurface.Theresultistheneqmtion(19).Thusitappears
immaterialwhetheroneusesthelinearizedequationofmotionfor q
or~; theresultdependsonlyuponthefdrmoftangencyconditionadopted. .-

It canbe verifiedthateachof the”apmoxims.tionsc~sideredsof= _
hasthesameasymptoticformforsmallT = Be,namelytheslender-bcdy
solution,accordingtowhich : --

●

US = -~2ZnT + 0(e4Zn2T) (21)
.

Thisapproximationiscomparedwiththe~xactsolutionfora 10°conein
fiWe 1, togetherwith @l theotherfirst&pproximationsdiscussed
previously.Thevariousapproximations.differonlyinthesubsequent““
termsoftheasymptoticseries,whicharenotco~ect~ ~Y casebeca~e
theyareaffectedby theneglectednonline-.te~s. Despiteocc~ion~
statementstothecontrary,however,thisdtiesnotruleoutthepossibility
thatoneapproximationisconsistentlybdtterthananother.

Themoststrikingresultistheinaccuracyassociatedwithimposing
thetangencyconditiononmassflux,whetherintheline=izedequation
for q or~ (eq.(19)andsketch(c))orthenonlinearfirst-order
equationfor ~ (eq,.(17d)andsketch(a)).Theerrorisneverless
thantwicethatin simpleslender-bodytheory,andrisesrapidlywith
Machnumber.

Ontheotherhand,imposingthetangencyconditiononvelocitylesiis ,
ineverycasetoresultsmoreaccuratethimthoseof slender-bodytheory. .
AlthoughthenonlinesrsolutionisthemgstaccurateathighMachnumbers
(eq.(18b)andsketch(b)),itfallsbeh~nd_atlowerspeeds;sndinany “;
caseitcouldnotreasonablybe -tended!to“otherbodiesofrevolution.
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Thereremainsthelinearizedsolution(usingeithercpor v)with
tangency imposd on v (eq.(20)andsketch (d))asthemostaccurate
approximationapplicableto othershapes.Experiencehasshownthatit
consistentlyyieldsaccuracyofthesortencounteredin thisexsmple.
HenceitseemsunlikelythatStokeslstreamfumctionoffersanyadvantages
infirst-ordercompressibleflowt~ory,~cePt possiblyfordet~niw
streamlinesin subsonicflow,wherethe~ccuracy wouldprobablybe no
greaterthanitisat aMachnumberof d2 in

Itwas suggestedin

HIGHERAPPRoxIMAmom

theintroductionthat
havetheadvaatageinhigherapproximationsof

supersonicflow.

thestreamfunctionmight
applyingtobluntbodies

forwhichthevelocitypotentialfails.However,a practicaliteration
schemecouldprobablyonlybe baseduponthelinearizedapprmimation.
Thediscoverythatthetruefirst-orderequationofmotionisactusDy
nonlinearcastssomedoubtuponthevalidityofsucha scheme.This
matterwillbe studiedby consideringagainthespecialcaseofa cone,
forwhichthecorrectsecond-ordersolutionisknown.

IterationonLinearizedY forCone

Thesecondapproximationfora conein supersonicflowwillbe sought
by proceedinginstrictanalogywithSchmiedenandKawalki%treatmentof
an ellipsoidinsubsonicflow(ref.6). ‘Ibustheslender-bdyexpansion
isintroducedonlyat thelaststage,whicheliminatesthewell-tiown
difficultywiththedistantboundaryconditioninslender-bodytheory.

Withthe
function,the

whichiS just
thatvanishes

Thecondition
vertexsngle

previoussubstitution(14)fortheperturbationstream
linearizedequation(10)becomes

(1 - t’)fl”+ * f=’= o (22)

equation(1s)withoutitsnonlinearterm. Thesolution
at theMachcone t = 1 is

fl=-

that thefull
e -determines

A=

& m seti-~t
<

— -
2 t2 )

(23a)

streamfunctionvanishontheconeof semi-
theconstantA as

‘1?
-- T%ech-%T

(23h)

Thesesre justMooretsresults(ref;3).
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Substitutingthissolutionintotheright-handsideof equation(13)
givesas theiterationequationforthes$coqd-orderincre~nt to

[:
l+tz(1-t’)f,”+~f,’ =.= p(~-~) ~;-:+~ 1

where

+1M’N=-n=~—= +
71-&

2B2S

ThegeneralsolutionvanishingattheMachconeis

f
– - ‘ech-’t)‘% [2-~ch-’t -(

-&cm
2.= 2 t=

(2N+-3)~+ (1- 2N)(secA-1~)21

J.

(24a)

(2Jb)

(25a)

At thispofntitis appropriate to intr~:ce.nhe Wender-bdy aPPr~i-..
mationby expandingasymptoticallyforsm@l t. Thenreqtiringthe
streamfunctionto vanishonthesurfaceto secondorderdeterminesthe
constantC ‘as

Thevelocitycomponentssrerelatedto thestreamfunctionby
equations(6). ScbmiedenandKawalki~sanalysisimplies(falsely)that
linearandquadratictermsarerespectivelyoffirstandsecondorder,
whichmesmsthatthestresmwisevelocityincrementisgivenby

Onthesurfaceofthecone,thelinearizedsolutionfor f= gives,in
theslender--bodye.k@nsion .— --

vl~—.
r [

-~l+@2n~ 1:‘-+...’,-
(27a)

(27b)
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andthesecond-orderincrementf~ gives
%

*2r
—.

[( )
- ~ M2E2+ M2e2T2# - NZn2$-~2n~r. 1+N+l +.. . (27c)

Notetheapparentcontradictionthatthissupposedsecond-orderterm
actuallystartsoffwitha first-ordertermin e2. Thatcontribution
to u is,however,cancelledby thefirst-ordernonlineartermin
($Ix/r)2,whichis justthecoincidencediscussedpreviouslythatp~ts
thefirst-orderproblemtobe linearized.TIIUSequation(26)givesaS
thesupposedsecondapproximation

[ 1us~l-#Zn -&-e4B22n2&-~2n -&+ M%+~ (28)

Thisresultisunfortunatelynotentirelycorrect.Broderickls
solutionof thesameproblem,usingthevelocitypotential,gives 6M?/4
inplaceof 3M2/4 imthelastterm.Hissolutionhasbeepconfirmed
by independentanalyses,andmustbe regarddasreliable.Thatthe
discrepancyis ina termproportionalto & isplausiblesincethe
linearizedandnonlinearfirst-orderproblemsdifferby termsin M=.

. If oneimposesthetangencyconditicmonvelocityratherthanmass
flu%,theresultisdifferentbutstillincorrect.A discrepancythen
appesrsalsointhecoefficientof e4Zn2/Be.

Discussion.-Theprecedingexampleshowsthatalthoughthefirst-
orderproblemfor ~ cancoincidentallybe linearized,thesecond-order
problemcannotbe limitedtoquadratictermsandsolvedby iterationon
thelinearizedsolution.Threemodifications,of successivelygreater
complexity,suggestthemselvesas thecorrectprocedure.

.

Thesimplestpossibilityisthatthetruesecondapproximationcan
be foundmerelybyretainingsomecubicorquartictermsintheright-hand
sideoftheiterationequation(13)or intheexpressions(6)forvelocity
components.Thisisknowntobe thecaseifoneworksinsteadwith q,
wheretheiterationequationmustincludea chic term,andquadratic
termsappearintheexpressionforpressure.However,attemptsto isolate
thepropercombination(ifitexists)fromthemy possibilitiesinthe
precedingexamplehavenotsucceeded.Secondly,itmaybe thatthe
remainderof thesecond-ordertermswouldemergefromthenextstepof
theprocedure,involvingcubicterms.Thirdly,itmightbenecessexyto

. workwiththenonlineuiterationequation(V), whichwouldintroduce .—
enormousmathematicaldifficulties.

. Theproblemmention~intheintroductionof second-ordersubsonic
flowpasta paraboloidhasrecentlybeensolvedby theauthorinan indi-
rectway,andthesolutionobtafiedby using ~ intheprecedingfashion
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isfoundsgaintobe inerrorby
a limitingcaseofan ellipsoid,
SchmiedenandKawalkitssoluticm
termsin M*.

AmesAeronauticalLaboratory
NationalAdvisoryCczmnittee

MoffettField,Calif.,

a termin N. Sincea paraboloidis
thisconfiz%mthesuspicionthat c
(ref.6) isincorrectinthesecond-o~er —

1- —

forAeronautics
Dec.10,1956
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Figure 1.- Variousfirst approximationsfor surface speed on cone in mpersonic flow.
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